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SUBJECT: Al RORAFT FUEL CONTROL
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PROPER FUEL IN THE
PROPER AIRCRAFT

CLEAN AIRCRAFT FUEL
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PURPOSE.  This advisory circular alerts the aviation comunity to the
potential hazards of inadvertent mixing or contam nation of turbine
and piston fuels, and provides recommended fuel control and servicing
procedures.

CANCELLATION.  Advi sory Gircul ar 20-438, dated June 8, 19719 i s
cancel ed.

REFERENCES. For nore detail than is contained herein, see Anerican
Petroleum Institute Bulletins, Nunmbers 1523 Fourth Edition, 1542 Sec-
ond Edition, 1%&L First Edition, and the National Fire Protection
Associ ation Panphlet "Aircraft Fuel Servicing LOTBI and the Anerican
Society for Testing and Materials, Ve®tanstird Specification for Aviation
Gasol i nes, D 910-7%-.2
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4 .BACKGROUND, Since the introduction of jet aircraft fuel, there have
been several instances of inadvertent fueling of piston-powered aircraft
with jet fuel. Aviation fuel can only serve its ultimte purpose when
the PROPER fuel is delivered into the aircraft as free from contam nation
as it was the day it left the refinery. Unless care and ATTENTION are
given to its handling, servicing, and storage, the many precautions
taken in its manufacture and transportation are wasted. Close attention
to compatibility of fuel and aiterafft,as well as faithful adherence to
good housekeepi ng praetiees, iis necessary to prevent possible disaster as
wellll as costly contam nation. A review of accidents attributed to fue
problens reveals that many power failures were due to use of inproper
fuel or careless sepvieing-fueling aircraft frompoorly filtered .tamks,
particularly small tanks or drums, inproper nixing of fuel additives,

i mproper preflight action by the pilot, and storing aircraft with par-
tially filled tanks, etc., which invites condensation and contami nation
of "the fuel. It is well to remenber that the consequences of using

| eaded gasoline in jet engines can be as damggimg as the &« of jeufuell
In reciprocating engines.

5: TURBING(QET) FRED/BRISBGASAOINNE, | nvestigation of a mal functioni ng
reciprocating engine disclosed that it had been inadvertently service
with jet fuel. Examnation of this engine reveal ed extensive cylinder
assenbly damage that required cpsplete overhaul. Proper attention
to refueling would have prevented thi's danage

Frequency of inproper fueling will dimnish if owners, operators, and
personnel servicing aircraft mintain vigilance. Should the occasion
arise where the tanks in an aircraft are accidentally filled with jet
fuel, it is suggested the follow ng procedures be foll owed:

a. |If the engines were not operated subsequent to the refueling with
jet fuel, drain the fuel tanks, |ines, and system eotiplleitsily % Refi l
the tanks with the proper grade of aviation gasoline, and run the
engines for approximately five mnutes.

bl If the engines were operated subsequent to the refueling with jet
fuel, investigate any abnormal engine operating conditions such as

those related to the fuel mxture and cylinder operating tenperatures.
In addition, acconplish the follow ng:
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(1) Performa conpression test of all cylinders.

(2) Conpl etely borescope inspect the interior of cylinders,
giving special attention to the conbustion &saber and the
pi ston done.

"(3) Drain the engine oil and check the oil screens.

NOTE:  Wen acconplishing (1), (2),, and (3), further investigate
and correct any unsatisfactory condition found

(4) Conpletely drain the fuel tanks and the entire fuel system
i ncluding the engine carburetor

(5) Flush the fuel systemand carburetor with gasoline and check
for |eaks.

(6) Fill the fuel tanks with the proper grade of aviation gasoline

(7) If the engine inspection was satisfactory, conplete an engine
tunup check

6. AVIATI ON GASOLI NE GRADES AND COLOR CODES. Pilots and refueling personne
shoul'd be famliar wth aviation gasoline (avgas) grades and respective
color codes in order to assure proper servicing of engines. Three grades
of avgas are now produced for civil use; grades 80, 100LL (| ow | ead) and
100. These grades repl ace 80/&7, 91/9%,, 100/13D, and 115/145 avgas.

a. The Standard Specification for Aviation Gasolines, Specification
D 910-75,, devel oped by the American Society for Testing and Materials,
established that grade 80 should be red in color and contain 0.5
mlliliters (m.) maxi mumof tetraeithyl | ead per gallon. G ade 1QOLL
is blue in color and contains 2.0 m. maxi numper gallon. G ade 100
Is green in color and contains 3.0 m. maxi num per gallon (with a
probabl e increase to 4.0 nl. maximum per gallon in the next specifi-
cation revision). The lead quantity or concentration of |ead in avia-
tion gasoline is expressed in terms of mlliliters (1/1000 of a liter)
per gallon of avgas.

Grades 100LL and 100 represent two aviation gasolines which are
identical in anti-knock quality but differ in maxi num|lead content
and color. The color identifies the difference for those engines
whi ch have a |ow tolerance to |ead

b. Limted-availability of grade 80 in some geographical areas of the
country has forced omnerSIOEerators to use the next higher grade of
avgas. Specific use of higher grades is dependent on the applicable
manuf acturer's recommendati ons. Conti nuous use of hi gher | ead fuels
in |ow conpression engines designed for |ow |ead fuels can cause ero-
sion or necking of the exhaust valve stens and spark plug |ead fouling *
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7. MARKING

a. Federal Aviation Regulations Part 23, Section 23.15%M3](1), requires
that aircraft fuel filler openings be marked to show the word MHFUEEM
and the mininum fuel grade or designation for the engines. |n order
that these markings retain their effectiveness, regulations also
require that they be kept fresh and clean. It follows, therefore,
that frequent washing and occasional painting will be necessary to
retain clear legibility.

bl It is equally inportant that tank vehicles be nost conspicuously
marked to show the type of fuel carried. It is suggested that the
marking be of a color in sharp contrast to that of the vehicle and
inlettering at |east 12 inches tall. This nmarking shoul d be on
each side and on the rear of the tank vehicles. Additionally, it
I's suggested that the tank vehicle hose lines be marked by |abels
next to the nozzle and every six feet. The label lettering should
be at |east 3/4 inches in height, be of sharp color contrast, be
permanent|y attached, and indicate the type of fuel dispersed by
that hose. A further suggestion is that the refueling nozzles be
conspi cuously marked with the appropriate color code. This is espe-
cially inportant in that the person doing the refueling will have
the color coded nozzle in his hands during the process with an addi-
tional remnder of the fuel type being dispensed. Al of the afore-
nentioned markings should be kept clean, fresh, and clearly legible
at all tines.

8. TRAINNNG  Careful instructions in operating procedures should be given
to alT personnel involved in fueling. This applies to flight as well as
ground personnel. The ground personnel should be thoroughly indoctrinated
in the facilities, procedures, equipnment, and the types of fuel being dis-
pensed-the flight personnel in procedures and marking with particul ar
enphasis on use of the proper type of fuel. It is further suggested that
ALL personnel be retrained periodically with suitable records maintained
to reflect the training. Fuel servicing should be performed only by
trained conpetent personnel

G. VWHAT IS FUEL CONTAM NATI ON? Fuel is contaminated when it contains any
material that was not provided under the fuel specification. This nmate-
rial generally consists of water, rust, sand, dust, mcrobial growh, and
certain additives that are not conpatible with the fuel, fuel system
material s and engines.
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100 WHAT CAUSES FUEL CONTAM NATI ON?

a. \Wter. Al aviation fuels absorb noisture fromthe air and contain
water in both suspended particle and liquid form The amount of
suspended particles varies with the tenmperature of the fuel. Wen-
ever the tenperature of the fuel is decreased, sone of the suspended
particles are drawn out ofttre solution and slowy fall to the bottom
of the tank. Wenever the tenperature of the fuel increases, water
is drawn fromthe atnosphere to maintain a saturated sglutiiaon.
Changes in fuel tenperature, therefore, result in a continuous
accunul ation of water. During freezing tenperatures, this water
may turn to ice, restricting or stopping fuel flow.

bl Rust, Pipelines, storage tanks, fuel trucks, and drum containers tend
tprppddnee rust that can be carried in the fuel in small size parti-
cles. A high degree of filtration is required to remove the liquid
water and rust particles fromthe fuel.

¢. Dust amd sand. The fuel may be contam nated with dust and sand
through openings in tanks and fromthe use of fuel-handling equi pment
that is not clean.

di Micro-orgamisms. Many types of nicrobes-have been found in ukleded
fuels, particularly in the turbine engine fuels. The m crobes, which .
Bay Sdkkrfesm t he at nosphere <@ storage tanks,' |ive at the--interface !
between the fuel and liquid water in the tank. These m cro-organi sns
of bacteria and fungi rapidly nultiply and cause serious corrosion in
tanks and may clog filters, screens, and fuel nmetering equi pment. The
growth and corrosion are particularly serious in the presence of other
fornms of contam nation.

e. Additives. Certain oil conpanies, in developing products to cope with
aircrart fuel icing problens, found that their products al so checked
"bug" gpowth. These products, known as "biociides," are usually re-
ferredto as additives, Some additives may not be' compattiilbllee with the
fuel or the materials in the fuel systemand may be harnful to other
parts of the engine with which they cone in contact. Additives that
have not been approved by the manuf act urer and FAA shoul d not be used.
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11. FUELD TESTS. Three gallons of water were added to the half-full fuel
tank of a popular make, high-w ng nonoplane. After several minutes, the
fuel strainer (gascollattwr) was checked for water. It wasnecessary to
drain ten liquid ounces of fuel before any water appeared. This is con-
siderably nore than nmost pilots drain when checking for water

In another test, sinmulating a tricycle geared model, one gallon of water
was added to the half-full fuel tank. It was necessary to drain nore
than a quart of fuel before any water appeared

. I'n both of these tests, about nine ounces of water remained in the fue
tank after the belly drain and the fuel strainer (gascollater) had ceased
to show any trace of water. This residual water could only be renmoved
by draining the tank sumps.

12. CONTAM NATION CONTROL. The presence of any contamnation in fuel sys-
tens IS dangerous. Laboratory and field tests have demonstrated that
when water was introduced into the gasoline tank, it inmediately set-
tled to the bottom Fuel tanks are constructed with sumps to trap this
water. It is practically inpossible to drain all water fromthe tanks
through the fuel lines, so it becomes necessary to regularly drain the
fuel sumps in order to remove all water fromthe system It may be
necessary to gently rock the wings of sonme aircraft while draining the
sunps to conpletely drain all the water. {@h certain tailwheel type
aircraft, raising the tail to level flight attitude may result in addi-
tional flow of water to the gasecolatetr or main fuel strainer. If [eft
undrai ned, the water accumulates and will pass through the fuel line to
the engine and may cause the engine to stop operating. The elimnation
of contam nants from aviation fuel may not be entirely possible, but we
can control it by the application of good housekeeping habits

a.  Servicing. Storage and dispensing equi pment should be kept clean at
all tines--free fromdirt and other foreign matter. Fuel having a

"cloudy" appearance or definitely toffeddor™ shoulld. be suspected of
contamnation or deterioration and should not be used. Wen addi-
tives are used, it is inportant that they are dispensed in accor-
dance with the aircraft manufacturer's instructions.

Refueling fromdrums or cans should be considered as an unsatisfac-
tory operation and one to be avoi ded whenever possible. Al con-
tainers of this type are to be regarded with suspicion and the
contents carefully inspected, identified, and checked for water and
other contami nation. Extraordinary precautions are necessary to
elimnate the hazards of water and sedinent. [t is advisable when
fueling fromdrums to use a 5-microm filtered portable punping unit,
or the best filtering equi pment available locally, or, as a |ast
resort, a chanmois skin filter and filter funnel
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Par

Infrequently used fuel tanks should have their sumps drained before
filling. Agitation action of fuel emtiering the tank may suspend or
entrain liquid water or other contam nants--which can remain sus-
pended for many mnutes and may not settle out until after the air-
craft is airborne.

Preflight action. Drain a genereuws sanpl e of fuel--considerably nore
than just a trickle--into a transparent container from each of the
fuel sumps and fromthe main fuel strainer or gesodletor, (Remenber
that it was necessary to drain ten ounces in the field tests.) On
certain aircraft having fuel tanks located in each w ng, positioning
of the fuel tank selector valve to the "BOTH OX* position may not
adequately drain the system This is due to the fuel taking the

path of |east resistance. In this case, the fuel selector valve
shoul d be positioned at each tank in turn.

Exam ne the fuel sanples for water and dirt contamnation. If pre-
sent, it wll collect at the bottom of the container andshould be
easily detected. Continue to drain fuel fromthe contam nated sunp
until certain the systemis clear of all water and, diirtt.

"The use of quick-drain valves in the sumps and gas-
collator nakes it practical to keep tanks free of sig-
nificant quantities of water and other contam nants.**

Postflight. An effective method to prevent contam nation from conden-
sation would be to completely fill the fuel tank at the end of each
day'sflying. This procedure is practical only on a few types of

light aircraft. Generally, the type of aircraft, length of proposed
flight, nunber of passengers, and weight and balance limtations
dictate the amount of fuel to be added.

WHAT'S WRONG WITH THIS PICTURE?
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d. Routine maintenance. In addition to the preflight and postflight
actions, certain precautionary or routine maintenance should be per-
formed onthe aircraft at periodic intervals. These precautions
include the inspection and cleaning of pertinent fuel tank outl et
finger strainers and carburetor screens (filters), and flushing of
the carburetor bow .

130 JET FUELS. Turbine-powered aircraft, better known as *jet" or. "“tprop jet,”
generally use a wi de-cut gasoline or aviation kerosene as fuel. Basi-
cally, the same rules and precautions in handling aviation gasoline apply
tothe jet fuels. As with gasoline, we are concerned with the matter of
cleanliness. Turbine fuels are nore dense and have a greater viscosity
(resistance to flow) than gasoline. It will hold and retain in suspen-
sion inpurities such as water, fine particles of rust, and other foreign
material. These particles can take fromfive to ten times as long, or even
|l onger, to settle in kerosene as it does for themto settle in gas@lime.

Turbine engine fuel controls and punps are generally more sensitive than
the fuel systems of the piston engine. Their fuel feed and punping sys-
tens nust work harder. Tolerances are closer and fuel pressures higher
Fine contam nants may block fuel supply systems and erode critical parts
of engine and fuel control systems. Water freezing at high altitudes.
may plug fuel screens. Because of these, the tol erabl e contamingiton
levels for jet fuels are nuch |ower than previously considered necessary
for aviation gasoline. Even with the same contanination |evels, the
greater volume of fuel used by turbines results in greater amounts of
contam nants being deposited in the turbine engine system

a. Test for contamnation. Commercial products to test for fuel contam
I nation are amadlabbe= Here is a sinple test to detect contam nation
of jet fuel. This procedure has proved to be both effective and
| nexpensi ve.
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e (btain an unchippedi, spotlessly clean, white enanel bucket(approx-
imatelly ten-quart size).

Drain-about four to five inches of fuel, fromthe sunp to be
tested, into the bucket.

Wth a clean mxing paddl e, .stir the fuel into a swirling Yoorado-
shapesti™* cone. Renove paddle. As the swirling stops, the solid
contamnants will gather at the center of the bucketbottom

Add several drops of household red food dye. The dye will mx
with water and the solids in the bottomof the bucket. It will
not mx with fuel. [If no water is present, the dye will settle
in the bottom of the bucket.

14; CONTAM NATED FUEL. Normally, upon finding that your fuel is contam nated

by water or other foreign matter, the procedures noted under paragraph
12, Contamination Control, should suffice. Should contam nation persist,
or if there is any doubt about it, your best bet is to have your aircraft
fuel systeminspected by a qualified person.

15. SUWKRRY. So that your fuel system wom't |et you down when you want to
stay up--remenber:

o Turbine fuel's for turbine engines--9asoline of the proper grade for
reci procating engines.

e Use only, the fuel recomended by the engine and aircraft manufacturer.

o Dom't use additives that have not been approved by FAA
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o If feasible, keep fuel tanks full. Water condenses on the walls of
partially filled tanks and enters the fuel system

o Filter all fuel entering the tank.

o Drain fuel sumps regularly.

o Periodi caII?/ inspect and-clean all fuel strainers (screens) and
occasional [y. flush the carburetor bow as reconmended by the aircraft
manuf act urer.

The best insurance-against fuel problens--whether aviation gasoline or

jet fuel--is to practice good housekeeping in your routine maintenance
and be constantly alert.

)

,"j; /, d-ma/:.m
@g’ FERRARGSE:, Acting Director

1ight St andards Semviee
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